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METHODS, COMPOSITIONS AND BIODEGRADABLE FLUID LOSS CONTROL 
ADDITIVES FOR CEMENTING SUBTERRANEAN ZONES 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to improved methods, compositions and fluid loss 

control additives for cementing subterranean zones penetrated by well bores. 

2. DESCRIPTION OF THE PRIOR ART 

[0002] Subterranean zones penetrated by well bores are commonly sealed by hydraulic 

cement compositions. For example, hydraulic cement compositions are used in primary 
cementing operations whereby strings of pipe such as casing and liners are cemented in 
well bores. In performing primary cementing, a hydraulic cement composition is 
pumped into the annular space, between walls of a well bore and the exterior surfaces of 
a pipe string disposed therein. The cement composition is permitted to set in the annular 
space thereby forming an annual sheath of hardened substantially impermeable cement 
therein which supports and positions the pipe string in the well bore and seals the 
exterior surfaces of the pipe string to the walls of the well bore. Hydraulic cement 
compositions are also utilized in a variety of cementing operations such as sealing highly 
permeable zones or fractures in subterranean zones, plugging cracks or holes in pipe 
strings and the like. 

[0003] Fluid loss control additives have been included in hydraulic cement compositions 

to prevent significant loss of fluid, i.e. water, into the subterranean zone or formation 
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being cemented. In primary cementing, the loss of fluid from the cement composition 
can result in premature gelation of the cement slurry or bridging of the annular space 
between the formation and the casing. 
[0004] While a variety of fluid loss control additives have been utilized in hydraulic 

cement slurries used in cementing subterranean zones penetrated by well bores, they are 
not environmentally acceptable, especially in off shore operations in that they do not 
undergo complete biodegration in the environment and cause damage to aquatic and 
other life therein. Thus, there are continuing needs for improved biodegradable cement 
composition fluid loss control additives and improved cement compositions containing 
such additives. 

SUMMARY OF THE INVENTION 
[0005] The present invention provides improved methods, compositions and 

biodegradable fluid loss control additives for cementing subterranean zones that meet the 
needs described above and overcome the deficiencies of the prior art. The methods of 
the invention for cementing subterranean zones penetrated by a well bore basically 
comprise the following steps. A cement composition comprising a hydraulic cement, 
sufficient water to form a slurry and a water soluble biodegradable fluid loss control 
additive is prepared or provided. The biodegradable fluid loss control additive 
comprises a mixture of a condensation product and hydroxyethylcellulose having a 
molar substitution in the range of from about 1 mole to about 2.5 moles of ethylene 
oxide with a molar substitution of about 1.5 moles being preferred. Examples of the 
condensation products that can be used include, but are not limited to: water, gelatin, 
formaldehyde, sodium sulfite and acetone; water, casein, formaldehyde, sodium sulfite 
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and acetone; casein, sodium sulfite, acetone, water, formaldehyde and sodium 
pyrosulfite; water, soy protein, formaldehyde, sodium sulfite and acetone; water, 
polyaspartic acid, acetaldehyde, sodium sulfite and pyrocatechol; dimethylsulfoxide, 
gelatin, glyoxal, urea and sodium sulfite; and water, polyaspartic acid, formaldehyde, 
sodium pyrosulfite, melamine and sodium hydroxide. The cement composition is placed 
in the subterranean zone to be cemented, and then the cement composition is allowed to 
set into a solid mass therein. 

[0006] The well cement compositions of this invention basically comprise a hydraulic 

cement, sufficient water to form a slurry and a water soluble biodegradable cement fluid 
loss control additive comprising a mixture of a condensation product as described above 
and hydroxyethylcellulose having a molar substitution in the range of from about 1 mole 
to about 2.5 moles of ethylene oxide. 

[0007] The water soluble biodegradable fluid loss control additives of this invention 

comprise a mixture of a condensation product as described above and 
hydroxyethylcellulose having a molar substitution in the range of from about 1 to about 
2.5 moles of ethylene oxide. 

[0008] The objects, features and advantages of the present invention will be readily 

apparent to those skilled in the art upon a reading of the description of preferred 
embodiments which follows. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0009] The methods of cementing a subterranean zone penetrated by a well bore in 

accordance with the present invention comprise the following steps. A cement 
composition is prepared or provided comprising a hydraulic cement, sufficient water to 
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form a slurry and a water soluble biodegradable fluid loss control additive. The cement 
composition is placed in the subterranean zone to be cemented and the cement 
composition is then allowed to set into a solid mass therein. 
[0010] The cement compositions of this invention basically comprise a hydraulic cement, 

sufficient water to form a slurry, and a water soluble biodegradable fluid loss control 
additive. 

[0011] The hydraulic cements that can be utilized in the compositions of this invention 

include, but are not limited to, Portland cements, slag cements, pozzolana cements, 
gypsum cements, aluminous cements and silica cements. Of these, Portland cements and 
their equivalents are generally preferred for use in accordance with this invention. 

[0012] The water in the cement compositions can be fresh water or salt water. The term 

"salt water" is used herein to mean unsaturated salt solutions and saturated salt solutions 
including brines and seawater. The water is present in the cement compositions in 
amounts sufficient to form a pumpable slurry. Generally, the water is present in an 
amount in the range of from about 35% to about 65% by weight of hydraulic cement in 
the compositions. 

[0013] The water soluble biodegradable fluid loss control additives comprise a mixture 

of a condensation product and hydroxyethylcellulose having a molar substitution in the 
range of from about 1 to about 2.5 moles of ethylene oxide, preferably about 1.5 moles. 

[0014] Examples of the condensation products that can be used and their preparation 

include, but are not limited to, the following: 

(No. 1) The condensation product of water, gelatin, formaldehyde, sodium 

sulfite and acetone. A preferred such condensation product comprises 43.17% by 



weight water, 17.27% by weight gelatin, 25.18% by weight formaldehyde, 7.19% by 
weight sodium sulfite and 7.19% by weight acetone. The condensation product is 
prepared by dissolving 240 grams of gelatin in 600 grams of water containing 100 grams 
of sodium sulfite and 100 grams of acetone. Following the addition of 350 grams of a 
37% by weight aqueous formaldehyde solution, the mixture is heated to HOT. The pH 
of the solution is adjusted to 7 with formic acid and heated for two hours at 176°F. The 
reaction solution is distilled in a vacuum to remove methanol produced by the 
competing Canizarro reaction. 

(No. 2) The condensation product of water, casein, formaldehyde, sodium 

sulfite and acetone. A preferred such condensation product comprises 61.05% by 
weight water, 5.81% by weight casein, 23.26% by weight formaldehyde, 5.08% by 
weight sodium sulfite and 4.80% by weight acetone. The condensation product is 
prepared by dissolving 20 grams of casein in 210 grams of water. 17.5 grams of sodium 
sulfite and 16.5 grams of acetone are added to the casein solution. The solution is 
heated to 140°F followed by slow addition of 80 grams of 30% aqueous formaldehyde 
solution. The solution is stirred for two hours at 158°F and the pH of the reaction 
solution is adjusted to 7 with formic acid. The solution is then concentrated to half the 
original volume by vacuum distillation to remove methanol. 

(No. 3) The condensation product of casein, sodium sulfite, acetone, water, 
formaldehyde and sodium pyrosulfite. A preferred such condensation product 
comprises 26.90% by weight casein, 7.91% by weight sodium sulfite, 7.91% by weight 
acetone, 19.77% by weight water, 36.94% by weight formaldehyde and 0.57% by 
weight sodium pyrosulfite. The condensation product is prepared by dissolving 100 
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grams of sodium sulfite and 100 grams of acetone in 250 grams of water. The solution 
is heated to 140°F. Then 467 grams of 30% aqueous formaldehyde solution are added. 
The reaction solution is stirred for 40 minutes at 158°F. At the end of 40 minutes, 7.26 
grams of sodium pyrosulfite are added and the solution is stirred for an additional 30 
minutes. The pH of the solution is adjusted to 7.0 with formic acid. The solution is 
distilled under vacuum to remove methanol. The residual solution is diluted to 6 liters 
with distilled water and 340 grams of casein. The resulting polymer solution is dried 
whereby grafting of the backbone takes place. 

(No. 4) The condensation product of water, soy protein, formaldehyde, 

sodium sulfite and acetone. A preferred such condensation product comprises 47.69% 
by weight water, 7.95% by weight soy protein, 8.27% by weight sodium sulfite, 7.79% 
by weight acetone, and 28.30% by weight formaldehyde. The condensation product is 
prepared by adding 100 grams of soy protein to 600 grams of water. The pH of the 
solution is adjusted to about 13 with sodium hydroxide. To this solution are added 104 
grams of sodium sulfite and 98 grams of acetone. The mixture is then heated to 176°F. 
To the heated solution 356 grams of 30% aqueous formaldehyde solution are added drop 
wise with vigorous agitation. The pH of the solution is adjusted to 7 with formic acid. 
Methanol produced by a competing Canizarro reaction is completely distilled off under 
vacuum to produce the condensation product. 

(No. 5) The condensation product of water, polyaspartic acid, 

acetaldehyde, sodium sulfite and pyrocatechol. A preferred such condensation product 
comprises 43.94% by weight water, 6.99% by weight polyaspartic acid, 17.96% by 
weight acetaldehyde, 34.80% by weight sodium sulfite and 36.00% by weight 
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pyrocatechol. The condensation product is prepared by dissolving 15.9 grams of 
polyaspartic acid in 100 grams of water. The solution is cooled to 35.6°F. To the 
chilled solution is added 34.8 grams of sodium sulfite and 36 grams of pyrocatechol. 
Then, 40.9 grams of acetaldehyde is added drop wise taking precaution not to raise the 
temperature of the solution above 53.6°F. Upon completion of the addition, the 
temperature is raised to 167°F and agitated for two hours at that temperature. The 
solution is cooled to 68°F and the pH is adjusted to 7 by formic acid. The solution is 
concentrated to half its volume under vacuum. 

(No. 6) The condensation product of dimethylsulfoxide, gelatin, glyoxal, 
urea, and sodium sulfite. A preferred such condensation product comprises 57.75% by 
weight dimethylsulfoxide, 20.88% by weight gelatin, 3.62% by weight glyoxal, 8.61% 
by weight urea, and 17.40% by weight sodium sulfite. The condensation product is 
prepared by adding 39.77 grams of gelatin to 100 milliliters of dimethyl sulfoxide. To 
the solution is added 17.4 grams of sodium sulfite and 16.4 grams of urea with stirring. 
The mixture is heated to 140°F, followed by the addition of 6.9 grams of 40% aqueous 
glyoxal solution. The reaction mixture is then heated to 167°F and held at that 
temperature for two hours. The dimethyl sulfoxide is then removed under reduced 
pressure. 

(No. 7) The condensation product of water, polyaspartic acid, 

formaldehyde, sodium pyrosulfite, melamine and sodium hydroxide. A preferred such 
condensation product comprises 39.55% by weight water, 9.88% by weight polyaspartic 
acid, 21.19% by weight formaldehyde, 7.06% by weight sodium pyrosulfite, 8.90% by 
weight melamine, and 13.42% by weight sodium hydroxide. The condensation product 
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is prepared by heating 150 grams of 30% aqueous formaldehyde solution to 86°F. Then, 
63 grams of melamine and 50 grams of sodium pyrosulfite are added, followed by 95 
grams of a 15% solution of sodium hydroxide. To this solution is added 280 grams of 
water. The pH of the solution is adjusted to 3 with sulfuric acid. 70 grams of a 40% 
aqueous solution of polyaspartic acid is then added to the solution. The solution is 
raised to a temperature of 160°F and held at that temperature for two hours. The 
reaction solution is concentrated to 1/3 of its original volume with reduced pressure and 
a temperature of 176°F. The solution is cooled and the pH is adjusted to 7 with sodium 
hydroxide. 

[0015] Of the above condensation products, the condensation product (No. 1) comprising 

water, gelatin, formaldehyde, sodium sulfite and acetone is preferred. 

[0016] The condensation product comprises from about 70% to about 90% by weight of 

the water soluble biodegradable fluid loss control additive and the hydroxyethylcellulose 
having a molar substitution in the range of from about 1 mole to about 2.5 moles of 
ethylene oxide comprises from about 10% to about 30% by weight thereof. More 
preferably, the condensation product comprises about 80% by weight of the water 
soluble biodegradable fluid loss control additive and the hydroxyethylcellulose having a 
molar substitution in the range of from about 1 mole to about 2.5 moles of ethylene 
oxide comprises about 20% by weight thereof. 

[0017] Most preferably, the water soluble biodegradable fluid loss control additive 

comprises the condensation product of gelatin, acetone, formaldehyde and sodium sulfite 
in an amount of about 80% by weight of the additive and hydroxyethylcellulose having a 
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molar substitution of about 1.5 moles of ethylene oxide in an amount of about 20% by 
weight of the additive. 

[0018] The water soluble biodegradable fluid loss control additive is present in the 

cement composition in an amount in the range of from about 0.5% to about 2% by 
weight of cement therein, more preferably in an amount of about 1% by weight of 
cement therein. 

[0019] A preferred method of this invention for cementing a subterranean zone 

penetrated by a well bore comprises the steps of: (a) preparing or providing a cement 
composition that comprises a hydraulic cement, sufficient water to form a slurry and a 
water soluble biodegradable fluid loss control additive comprising a mixture of a 
condensation product and hydroxyethylcellulose having a molar substitution in the range 
of from about 1 mole to about 2.5 moles of ethylene oxide; (b) placing the cement 
composition in the subterranean zone to be cemented; and (c) allowing the cement 
composition to set into a solid mass therein. 

[0020] A preferred well cement composition of this invention comprises: a hydraulic 

cement; sufficient water to form a slurry; and a water soluble biodegradable fluid loss 
control additive comprising a mixture of a condensation product and 
hydroxyethylcellulose having a molar substitution in the range of from about 1 mole to 
about 2.5 moles of ethylene oxide. 

[0021] A preferred water soluble biodegradable fluid loss control additive of this 

invention comprises a mixture of a condensation product and hydroxyethylcellulose 
having a molar substitution in the range of from about 1 mole to about 2.5 moles of 
ethylene oxide. 
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[0022] In order to further illustrate the methods and compositions of this invention, the 

following examples are given. 

EXAMPLE 1 

[0023] Two water soluble biodegradable fluid loss control additives of this invention 

were prepared. The first fluid loss control additive comprised a mixture of the 
condensation product of gelatin, acetone, formaldehyde and sodium sulfite present in an 
amount of 90% by weight and hydroxyethylcellulose having a molar substitution of 1.5 
moles of ethylene oxide present in an amount of 10% by weight. The second fluid loss 
control additive comprised a mixture of the condensation product of gelatin, acetone, 
formaldehyde and sodium sulfite present in an amount of 80% by weight and 
hydroxyethylcellulose having a molar substitution of 1.5 moles of ethylene oxide present 
in an amount of 20% by weight. The first and second biodegradable fluid loss control 
additives of this invention along with a non-biodegradable prior art fluid loss control 
additive were tested for fluid loss control properties in accordance with the test 
procedure set forth in the API Specification for Materials and Testing for Well Cements, 
API Specification 10B, 22 nd Edition, dated December, 1997 of the American Petroleum 
Institute. The non-biodegradable prior art fluid loss control additive was compared to 
the two fluid loss control additives of this invention. The results of these tests are given 
in Table I below. 
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TABLE I 



Fluid Loss 


Test 


Cement 


Cement 


Cement 


Salt 


Fluid 


Control Additive 


Temperature 


Composition 


Composition 


Composition 


(by wt 


Loss 






(Class A) 


(Class H) 


Density 


01 


(cc/JO 










(lb/gal) 


water) 


min) 


Prior Art 1 


100°F 


A 




15.6 




224 


First Biodegradable 2 




A 




15.6 


— mm 


15U 


Second Biodegradable 3 




A 




15.6 


~~ 


86 


Prior Art 


100°F 


A 




15.9 


18 


199 


First Biodegradable 




A 




15.9 


18 


313 


Second Biodegradable 




A 




15.9 


18 


1 oo 

188 


Prior Art 


100°F 




TJ 

H 


10. J 




4U 


First Biodegradable 






H 


16.5 




70 


Second Biodegradable 






H 


! 16.5 




50 


Prior Art 


100°F 




H 


16.76 


18 


70 


First Biodegradable 






H 


16.76 


18 


144 


Second Biodegradable 






H 


16.76 


18 


68 


Prior Art 


140°F 




H 


16.5 




50 


Second Biodegradable 






H 


16.5 




62 


Prior Art 


140°F 




H 


16.5 


18 


102 


Second Biodegradable 






H 


16.5 


18 


108 



Condensation product of formaldehyde, acetone and sodium bisulfite (80% by weight) and hydroxyethylcellulose 
having a molar substitution of l .5 moles of ethylene oxide (20% by weight). See U.S. Patent No. 4,557,763 
issued to George, et al. on December 10, 1985. 

2 Condensation product of gelatin, acetone, formaldehyde and sodium sulfite (90%) and hydroxyethylcellulose 
having a molar substitution of l .5 moles of ethylene oxide (10%). 

3 Condensation product of gelatin, acetone, formaldehyde and sodium sulfite (80%) and hydroxyethylcellulose 
having a molar substitution of 1 .5 moles of ethylene oxide (20%). 



[0024] From Table I, it can be seen that the non-biodegradable prior art fluid loss control 

additive and the second biodegradable fluid loss control additive of this invention have 
comparable fluid loss control properties. 

EXAMPLE 2 

[0025] The non-biodegradable prior art fluid loss control additive and the second 

biodegradable fluid loss control additive were combined with cement compositions in an 
amount 1% by weight of the cement. One of the cement compositions contained fresh 
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water and the other contained fresh water with 1 8% by weight of salt added thereto. The 
results of these tests are given in Table II below. 

TABLE II 
Comparison of Rheological Properties 



Fluid Loss 
Control 
Additive 



Test 
Temp. 
(°F) 



Class H Cement + 1% Fluid Loss Control Agent (16.5 lb/gal.) 
Fann Viscometer Readings (rpm) 



600 



300 



200 



100 



60 



30 



Prior Art 
Second 

Biodegradable 



80 
80 



263 
270 



140 
150 



95 
102 



48 

52 



29 
31 



14 
15 



2 
2 



Prior Art 
Second 

Biodegradable 



140 
140 



160 
125 



90 
73 



58 
42 



29 
21 



17 
12 



8 
6 



0 
0 



Class H Cement + 1%F 



uid Loss Control Agent 



+ 1% Salt (16.76 lb/ga) 



Prior Art 
Second 

Biodegradable 



Prior Art 
Second 

Biodegradable 



100 
100 



260 
272 



140 
140 



115 
130 



144 
150 



68 
87 



101 
104 



43 
55 



54 
55 



22 
28 



34 
34 



18 
17 



14 
18 



7 
9 



4 
1 



0 
0 



[0026] From Table II, it can be seen that the rheological properties of the two fluid loss 

control additives are comparable irrespective of temperature. In the cement composition 
containing salt, the rheological properties of the two mixtures were similar. 

EXAMPLE 3 

[0027] The non-biodegradable prior art fluid loss control additive and the second 

biodegradable fluid loss control additive of this invention were added to cement' 
compositions and the compositions were tested for thickening time. The results of these 
tests are given in Table III below. 
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Fluid Loss 
Control Additive 



TABLE III 
Comparison of Thickening Times 



Class H Cement + 1% Fluid Loss Control Agent + 38% Water 



Temperature 
(°F) 



Density 
(lb/gal) 



Salt 
(% by weight 
of water) 



Thickening 
Time 
(hnmin) 
:15 



Prior Art 

Second Biodegradable 



100 
100 



16.5 
16.5 



11: 
10:22 
6:04 
5:54 
7:03 



Prior Art 

Second Biodegradable 



140 
140 



16.5 
16.5 



Prior Art 

Second Biodegradable 



140 
140 



16.76 
16.76 



18 
18 



7:26 



[0028] From Table III, it can be seen that the thickening times of the fluid loss control 

additives at 100°F and HOT were comparable. 

EXAMPLE 4 

[0029] The non-biodegradable prior art fluid loss control additive and the second 

biodegradable fluid loss control additive of this invention were added to cement 
compositions and the cement compositions were cured at 140°F for 24 hours and 72 
hours and were then tested for compressive strength. 

TABLE IV 



Fluid Loss 
Control Additive 


OilOUU VI A-TV X w^^j-^ww «j — 

Class H Cement + 1% Fluid Loss Control Agent (16.5 lb/gal) 
Compressive Strength (psi) 


24 Hr. 


72 Hr. 


Prior Art 

Second Biodegradable 


4250 
3300 


5940 
5920 



[0030] From Table IV, it can be seen that the cement composition containing the non- 

biodegradable prior art fluid loss control additive and the biodegradable fluid loss 
control additive have similar compressive strengths. 
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[0031] Thus, the present invention is well adapted to carry out the objects and attain the 

ends and advantages mentioned as well as those which are inherent therein. While 
numerous changes may be made by those skilled in the art, such changes are 
encompassed within the spirit of this invention as defined by the appended claims. 

[0032] What is claimed is: 
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